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(57) ABSTRACT 

A silencer includes a cylindrical member held between a body 
connected to an exhaust side of a ?uid pressure device and a 
disk-shaped retaining member. A net-shaped sound absorber 
is disposed around an outer circumference of the cylindrical 
member. A pressure ?uid ?ows from the body into the interior 
of the cylindrical member and is discharged toward the sound 
absorber through a plurality of ?rst through ?fth exhaust 
holes formed in the cylindrical member. Accordingly, dust in 
the pressure ?uid is removed by the sound absorber, which is 
formed of a plurality of stacked ?lters, and further, the pres 
sure ?uid is discharged to the outside after exhaust noises 
have been absorbed by the sound absorber. 

10 Claims, 4 Drawing Sheets 
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SILENCER 

TECHNICAL FIELD 

The present invention relates to a silencer for minimizing 
exhaust noises produced when a pressure ?uid is exhausted 
from a ?uid pressure device. 

BACKGROUND ART 

Heretofore, for example, when a pressure ?uid is exhausted 
from a ?uid pressure device such as a valve or the like, 
exhaust noises tend to be generated, and therefore, a silencer 
has been disposed at the exhaust side of the ?uid pressure 
device for minimizing such exhaust noises. 

In such a silencer, as disclosed in Japanese Laid-Open 
Patent Publication No. 2001-289167, a cylindrically shaped 
?lter is provided for removing moisture, dust and the like 
contained within the pressure ?uid exhausted from the ?uid 
pressure device, as well as for reducing exhaust noises, 
wherein both ends of the ?lter are retained respectively. In 
addition, by causing the pressure ?uid that is exhausted from 
the ?uid pressure device to be exhausted to the outside 
through the ?lter, exhaust noises of the pressure ?uid device 
are reduced, and moreover, dust and the like contained within 
the pressure ?uid is removed. 

However, in the aforementioned silencer, when the pres 
sure ?uid is caused to ?ow toward the silencer from the ?uid 
pressure device, the pressure drops precipitously in the vicin 
ity of a connection part between the silencer and the ?uid 
pressure device where the pressure ?uid is released to atmo 
sphere, and further, the temperature inside the silencer drops 
as a result of adiabatic expansion of the pressure ?uid. 
Accordingly, owing to the reduction in temperature, moisture 
that is contained within the pressure ?uid condenses in the 
vicinity of the connection part, and at the reduced tempera 
ture, such condensation becomes frozen at the interior of the 
silencer, resulting in a concern that operations of the ?uid 
pressure device connected to the silencer may be adversely 
affected. 

Further, in the case that the ?ltering capability of the ?lter 
is raised, with the aim of further reducing pressure ?uid 
exhaust noises, clogging can easily be generated as a result of 
dust contained within the pressure ?uid, with the problem that 
a desired noise reduction effect may not be obtainable. 

DISCLOSURE OF THE INVENTION 

A principal object of the present invention is to provide a 
silencer, which is capable of suppressing generation of clog 
ging, while causing a reduction in exhaust noises, along with 
preventing the occurrence of condensation when the pres sure 
?uid is exhausted. 

According to the present invention, a silencer for causing a 
reduction in exhaust noises of a pressure ?uid exhausted from 
a ?uid pressure device comprises a main body portion to 
which the ?uid pressure device is connected and to which a 
pressure ?uid from the ?uid pressure device is introduced, a 
sound absorber retained within the main body portion and 
formed of ?lters made up of plural stacked layers having 
different opening areas, and a ?ow adjustment mechanism for 
gradually increasing a ?ow amount of the pressure ?uid 
exhausted to the outside from the main body portion through 
the sound absorber in a direction separating away from the 
?uid pressure device. It is preferable for the opening areas of 
the ?lters to be set so as to become gradually smaller directed 
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2 
from an upstream side formed at a side of the main body 
portion toward a downstream side formed at an exterior side 
of the sound absorber. 

Further, the sound absorber preferably is constructed by 
stacking plural ?lters having different opening areas, wherein 
the upstream side formed at the side of the main body portion 
has a larger opening area, and conversely, the downstream 
side formed at the exterior side of the sound absorber has a 
smaller opening area. 

In addition, the ?ow adjustment mechanism preferably 
includes a ?uid passage for enabling a pressure ?uid to ?ow 
from the main body portion to the exterior of the sound 
absorber, wherein a passage area of the ?uid passage is 
formed so as to become gradually larger in a direction sepa 
rating away from the ?uid pressure device. 

Still further, it is preferable for the ?uid passage to be 
formed from a cylindrical body disposed inside the sound 
absorber and communicating with the main body portion, 
having a plurality of exhaust holes that become gradually 
greater in quantity in a direction separating away from the 
?uid pressure device. 

Still further, it is preferable for a clearance to be disposed 
between the cylindrical body and the sound absorber. 

Further, the ?lters preferably are constructed from three 
layers, which are stacked radially. 

Furthermore, it is preferable for the ?lters to have respec 
tive thickness dimensions in the radial direction that are sub 
stantially uniform. 

Still further, it is preferable for a cylindrical cover member 
that surrounds the sound absorber to be connected to the main 
body portion, wherein the cover member has holes therein 
through which the pres sure ?uid that ?ows through the sound 
absorber also ?ows. 

Further, in addition, the ?ow adjustment mechanism pref 
erably comprises ?lters having thickness dimensions becom 
ing gradually smaller in a direction separating away from the 
?uid pressure device. 

Further, it is preferred that a detection mechanism be pro 
vided in the main body portion for detecting a case in which 
the pressure of the pressure ?uid inside the main body portion 
rises to a predetermined value or above. 

Moreover, it is preferable that the detection mechanism 
comprises a passage disposed in the main body portion com 
municating an interior of the main body portion with the 
outside, a valve seated on a valve seat formed in the passage, 
and a spring for pressing the valve toward the valve seat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view of a silencer according to 
a ?rst embodiment of the present invention. 

FIG. 2 is a plan side view, as seen from a side of the body 
of the silencer shown in FIG. 1. 

FIG. 3 is an enlarged vertical sectional view showing the 
vicinity of the detector portion shown in FIG. 1. 

FIG. 4 is a vertical sectional view of a silencer according to 
a second embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
PRESENT INVENTION 

In FIG. 1, reference numeral 10 indicates a silencer accord 
ing to a ?rst embodiment of the present invention. 
The silencer 10 includes a body (main body portion) 16 

connected to an exhaust port 14 of a ?uid pressure device 12 
(for example a solenoid valve), a retaining member 18 dis 
posed coaxially with and separated a predetermined interval 
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away from the body 16, a cylindrical member (cylindrical 
body) 20 sandwiched between the body 16 and the retaining 
member 18, a sound absorber 22 disposed on an outer cir 
cumferential side of the cylindrical member 20 for reducing 
exhaust noises of a pressure ?uid that is discharged from the 
?uid pressure device 12, and a cylindrically shaped cover 
member 24 disposed on the outer circumference of the sound 
absorber 22. 

The body 16 is equipped with a connecting portion 28 
through which a pressure ?uid ?ows via a penetrating hole 26 
formed in the interior thereof, a diametrically expanded por 
tion 30 that expands radially outward with respect to the 
connecting portion 28 and which retains an end of the sound 
absorber 22 and the cylindrical member 20 therein, a plurality 
of communication holes 32 formed in an inner circumferen 
tial side of the diametrically expanded portion 30 that face the 
penetrating hole 26 of the connecting portion 28, and a detec 
tor (detection mechanism) 34 that detects ?uctuations in pres 
sure inside the body 16. 
The connecting portion 28 is formed on one end side (in the 

direction of the arrow A) of the body 16 and is connected to 
the exhaust port 14 through which the pressure ?uid in the 
?uid pressure device 12, for example a solenoid, is exhausted. 
Further, the pressure ?uid is introduced into the penetrating 
hole 26 of the connecting portion 28 from the exhaust port 14. 
The connecting portion 28, however, is not limited to being 
directly connected to the exhaust port 14 of the ?uid pressure 
device 12, but may also be connected with the exhaust port 14 
through piping or the like. 

The diametrically expanded portion 30 is formed at the 
other end side (in the direction of the arrow B) of the body 16, 
wherein a ?rst projection 36, projecting in a direction (the 
direction of the arrow B) away from the connecting portion 
28, is formed on the outer peripheral end face thereof. The 
?rst projection 36 is formed in an annular shape extending 
from the outer peripheral face of the diametrically expanded 
portion 30 toward the sound absorber 22. 

Further, the detector 34, which detects when a pressure of 
the pressure ?uid that ?ows through the body 16 exceeds a 
predetermined value (preset value), is disposed within the 
diametrically expanded portion 30. 

The detector 34 includes an installation hole (communica 
tion pas sage) 38 penetrating in a radially inward direction (the 
direction of the arrow C shown in FIG. 3) from the outer 
peripheral face of the diametrically expanded portion 30, a 
ball (valve) 40 disposed in the installation hole 38, a plug 42 
also disposed in the installation hole 38, and a spring 44 
arranged so as to intervene between the ball 40 and the plug 
42. 
As shown in FIG. 3, the installation hole 38 is formed by a 

?rst hole 46 formed radially outwardly (in the direction of the 
arrow D) within the diametrically expanded portion 30, a 
second hole 48 formed radially inwardly (in the direction of 
the arrow C) from the ?rst hole 46 and having a reduced 
diameter with respect to the ?rst hole 46, and a third hole 50 
formed radially inwardly (in the direction of the arrow C) 
from the second hole 48 and having a reduced diameter with 
respect to the second hole 48. 

Threads 52 are engraved on the inner circumferential sur 
face of the ?rst hole 46, wherein the plug 42 is screw-engaged 
in the ?rst hole 46 through the threads 52. A detection hole 54 
is formed substantially centrally in the plug 42, penetrating 
therethrough along the axial direction, wherein the interior of 
the ?rst hole 46 communicates with the outside through the 
detection hole 54. 

Further, in the second hole 48, at the border position with 
the third hole 50, an inclined surface 56 is formed, which is 
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4 
gradually reduced in diameter toward the third hole 50 (in the 
direction of the arrow C), wherein the ball 40 is arranged so as 
to abut against the inclined surface 56. The diameter of the 
ball 40 is smaller than the inner circumference of the second 
hole 48, and further, is formed so as to be larger than the inner 
circumference of the third hole 50. More speci?cally, the ball 
40 blocks the third hole 50 by abutment with the inclined 
surface 56 in the second hole 48, thereby interrupting com 
munication between the second hole 48 and the third hole 50. 
At this time, the ball 40 is appropriately retained by the 
inclined surface 56, which is gradually reduced in diameter in 
a direction toward the side of the third hole 50. 

Stated otherwise, the inclined surface 56 against which the 
ball 40 abuts functions as a valve seat by seating of the ball 40, 
which functions as a valve, for interrupting communication 
between the second hole 48 and the third hole 50. 

Furthermore, a spring 44 is arranged so as to intervene 
between the plug 42 that blocks the ?rst hole 46 and the ball 
40. An elastic force of the spring 44 imposes a force, which 
presses the ball 40 against the inclined surface 56 that forms 
the valve seat. Speci?cally, the ball 40 abuts with respect to 
the inclined surface 56 under an elastic action of the spring 44. 

Incidentally, the above-described detector 34 is not limited 
to the case of a single instance, but rather, a plurality of such 
detectors can be disposed in the diametrically expanded por 
tion 30 of the body 16, separated from one another by prede 
termined distances in the circumferential direction. 
On the other hand, as shown in FIG. 1, a ?rst bolt hole 62, 

through which a connecting bolt 60 is inserted, is formed 
substantially centrally on an inner circumferential side of the 
diametrically expanded portion 30, together with a plurality 
of communication holes 32 formed radially outwardly of the 
?rst bolt hole 62. The communication holes 32 are formed 
substantially in parallel with the ?rst bolt hole 62, and further, 
are separated at predetermined distances from each other 
along the circumferential direction, with the ?rst bolt hole 62 
at the center thereof (see FIG. 2). In addition, the penetrating 
hole 26 and the other end side of the diametrically expanded 
portion 30 communicate with each other through the commu 
nication holes 32. Moreover, the installation hole 38 formed 
in the diametrically expanded portion 30 communicates with 
one of the communication holes 32. 
The retaining member 18 is formed in a disk shape, having 

substantially the same diameter as that of the diametrically 
expanded portion 30 of the body 16. A second projection 64, 
formed annularly on a circumferential portion of the retaining 
member 18, projects slightly toward the body 16 (in the 
direction of the arrow A). 

Further, a second bolt hole 66 is formed substantially cen 
trally in the retaining member 18, wherein an elongate con 
necting bolt 60 is inserted through the second bolt hole 66. In 
addition, the other end of the connecting bolt 60 is inserted 
through the ?rst bolt hole 62 of the body 16, such that, in a 
state in which the cylindrical member 20, the sound absorber 
22 and the cover member 24 are arranged between the body 
16 and the retaining member 18, a nut 68 is connected by 
threading to the body 16. As a result, the body 16 and the 
retaining member 18 are integrally connected, while sand 
wiching the cylindrical member 20, the sound absorber 22 
and the cover member 24 therebetween. 
The cylindrical member 20 is arranged such that one end 

portion thereof abuts against an end face of the diametrically 
expanded portion 30, facing the communication holes 32 of 
the body 16, whereas the other end portion abuts against an 
end face of the retaining member 18. In addition, the pres sure 
?uid is introduced to the interior of the cylindrical member 20 
through the communication holes 32 of the body 16. 
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Further, ?rst exhaust holes (exhaust holes) 70a are formed 
at a substantially central portion in the axial direction on the 
outer circumferential wall of the cylindrical member 20, and 
second through ?fth exhaust holes (exhaust holes) 70b, 700, 
70d, 70e are formed, directed toward the retaining member 18 
(in the direction of the arrow B) from the ?rst exhaust holes 
70a, while being separated from each other by predetermined 
differences. The ?rst through ?fth exhaust holes 70a to 70e 
are disposed so as to be separated from each other at substan 
tially equal intervals respectively along the axial direction of 
the cylindrical member 20, wherein the diameters of the ?rst 
through ?fth exhaust holes 7011 to 70e are formed to be sub 
stantially equal. 

For example, the ?rst exhaust holes 7011 are formed at two 
locations, separated at a predetermined interval, circumfer 
entially along the cylindrical member 20, the second exhaust 
holes 70b are formed at four locations circumferentially 
along the cylindrical member 20, the third exhaust holes 700 
are formed at six locations circumferentially along the cylin 
drical member 20, the fourth exhaust holes 70d are formed at 
eight locations circumferentially along the cylindrical mem 
ber 20, and the ?fth exhaust holes 70e are formed at ten 
locations circumferentially along the cylindrical member 20. 

Stated otherwise, the ?rst through ?fth exhaust holes 70a to 
70e are disposed such that the number of exhaust holes gradu 
ally increases in quantity from one end side (in the direction 
of the arrow A) of the cylindrical member 20 into which the 
pressure ?uid is introduced toward the other end side (in the 
direction of the arrow B) formed by the retaining member 18. 
Owing thereto, when the pressure ?uid ?ows to the outside 
from the interior of the cylindrical member 20 via the ?rst 
through ?fth exhaust holes 70a to 70e, the passage area can 
gradually be increased. 

Incidentally, the quantities of the ?rst through ?fth exhaust 
holes 7011 to 70e are not limited to the quantities described 
above, insofar as they are set such that the holes gradually 
increase in quantity, from a substantially central portion of the 
cylindrical member 20 toward the retaining member 18, and 
such that the passage area of the pressure ?uid ?owing to the 
outside from the interior of the cylindrical member 20 gradu 
ally increases. 

Further, it is acceptable if the quantities of the ?rst to ?fth 
exhaust holes 7011 to 70e are made substantially the same, but 
wherein the diameters thereof are caused to gradually 
increase from the ?rst exhaust hole 70a toward the ?fth 
exhaust hole 70e. It is also acceptable if the interval of sepa 
ration along the axial direction of the ?rst through ?fth 
exhaust holes 70a to 70e is made gradually smaller. In other 
words, concerning the shapes and number of the ?rst through 
?fth exhaust holes 7011 to 70e in the cylindrical member 20, it 
is acceptable merely if the passage area thereof is set such that 
the ?ow rate of the pressure ?uid ?owing through the ?rst 
through ?fth exhaust holes 70a to 70e gradually increases 
from one end side of the cylindrical member 20 toward the 
other end side thereof, whereas the speci?c quantities and 
shapes of the holes are not particularly limited. 
The sound absorber 22 is formed in a mesh shape from a 

resin material that is capable of reducing exhaust sounds of 
the pressure ?uid, and more particularly, is formed by weav 
ing a ?brous resin material. The sound absorber 22 is arranged 
between the diametrically expanded portion 3 0 of the body 1 6 
and the end face of the retaining member 18, and further is 
arranged so as to be separated a predetermined distance in the 
radial direction (the direction of the arrow D) from the outer 
circumferential surface of the cylindrical member 20. In other 
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6 
words, a clearance (space) providing a predetermined interval 
separation is formed between the sound absorber 22 and the 
cylindrical member 20. 
The sound absorber 22 is constructed from a ?rst ?lter 80 

arranged on the outer circumference of the cylindrical mem 
ber 20, a second ?lter 82 arranged over the outer circumfer 
ence of the ?rst ?lter 80 and formed with an opening diameter 
(opening area) mesh size smaller than that of the ?rst ?lter 80, 
and a third ?lter 84 arranged over the outer circumference of 
the second ?lter 82 and formed with an opening diameter 
mesh size smaller than that of the second ?lter 82. 

Stated otherwise, in the sound absorber 22, the ?rst through 
third ?lters 80, 82, 84 are formed in order such that the mesh 
size opening diameters thereof become gradually smaller, 
and further, wherein the ?rst through third ?lters 80, 82, 84 
are formed in three layers. In addition, the ?rst through third 
?lters 80, 82, 84 are each formed with substantially the same 
radial thickness, respectively. 

Incidentally, the sound absorber 22 is not limited to the 
case of being formed in a three-layer structure from ?rst 
through third ?lters 80, 82, 84, insofar as plural ?lters having 
different opening diameter mesh sizes are stacked, and 
wherein the ?lters are arranged such that in the sound 
absorber 22 the opening diameters become smaller in order 
from a radially inward direction toward a radially outward 
direction thereof. 
The cover member 24 is formed in a cylindrical shape from 

a metallic material, wherein plural holes 86 are formed, sepa 
rated by predetermined distances, in axial and circumferen 
tial directions on the outer circumferential surface of the 
cover member 24. The holes 86 operate to discharge the 
pressure ?uid output from the ?rst through ?fth exhaust holes 
7011 to 70e of the cylindrical member 20 to the outside through 
the sound absorber 22. 

In addition, through engagement of the ?rst projection 36 
of the body 16 and the second projection 64 of the retaining 
member 18 with the outer circumferential surface of the cover 
member 24, displacement of the cover member 24 in the 
radial direction (the direction of arrows C and D) is regulated. 
Accordingly, radial displacement of the sound absorber 22 
arranged inside the cover member 24 similarly does not 
occur. 

The silencer 10 according to the ?rst embodiment of the 
present invention is basically constructed as described above. 
Next, operations, functions and effects of the silencer 10 shall 
be described. In the following description, an explanation 
shall be given concerning a case in which the connecting 
portion 28 of the body 16 is directly connected to the exhaust 
port 14 ofa ?uid pressure device 12. 

First, pressure ?uid is introduced from the exhaust port 14 
of the ?uid pressure device 12 into the penetrating hole 26 of 
the body 16, which is connected to the exhaust port 14. 

Additionally, the pressure ?uid, which is introduced to the 
interior of the cylindrical member 20, is directed to the out 
side from the cylindrical member 20 through the ?rst through 
?fth exhaust holes 70a to 70e of the cylindrical member 20. At 
this time, because the ?rst through ?fth exhaust holes 7011 to 
70e are formed such that their quantity becomes gradually 
greater in a direction (the direction of the arrow B) toward the 
other end of the cylindrical member 20, the discharged 
amount (?ow amount) of the pres sure ?uid gradually 
increases in a direction toward the other end side of the 
cylindrical member 20 formed by the retaining member 18 (in 
direction of the arrow B). 
More speci?cally, because the pressure ?uid, which is 

directed into the cylindrical member 20 from the ?uid pres 
sure device 12 through the connecting portion 28, is gradually 
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exhausted to the exterior of the cylindrical member 20 via the 
?rst through ?fth exhaust holes 7011 to 70e, the pressure of the 
pressure ?uid does not drop precipitously, but rather, the 
pressure thereof can be gradually lowered. As a result, low 
ering in temperature due to adiabatic expansion of the pres 
sure ?uid can be suppressed, so that condensation generated 
inside silencer 10 caused by such a temperature drop can be 
prevented, together with preventing freezing of such conden 
sation inside the silencer 10. 

Next, the pressure ?uid discharged from the cylindrical 
member 20 is exhausted to the outside through the holes 86 of 
the cover member 24 while passing in order through the ?rst 
?lter 80, the second ?lter 82 and the third ?lter 84 of the sound 
absorber 22. At this time, concerning the ?rst through third 
?lters 80, 82 and 84, since they are formed such that the 
opening diameters of the meshes thereof become gradually 
smaller in order from the ?rst to third ?lters 80, 82 and 84, 
dust and the like contained within the pressure ?uid is 
removed by any one of the ?lters 80, 82, 84 depending on the 
size thereof. 

Speci?cally, large sized dust is complemented and 
removed by the ?rst ?lter 80 having a large opening diameter 
mesh, which is disposed on the inner circumferential side of 
the sound absorber 22 on the side of the cylindrical member 
20, and dust smaller than the opening diameter of the ?rst 
?lter 80 is complemented and removed by the second ?lter 82 
after passing through the ?rst ?lter 80, and further, dust 
smaller than the opening diameter of the second ?lter 82 is 
complemented and removed appropriately by the third ?lter 
84 after having passed through the ?rst and second ?lters 80, 
82. 

In this manner, as a result of providing plural ?lters made 
up of ?rst to third ?lters 80, 82, 84 having different mesh 
opening diameters in the sound absorber 22, corresponding to 
the sizes of the dust contained within the pressure ?uid, the 
dust removal ?lter can be used while being responsive to 
different dust sizes. As a result, compared with a sound 
absorber 22 formed from only one mesh opening diameter, 
the occurrence of clogging in the sound absorber 22 can be 
suppressed. 
On the other hand, when clogging occurs in the sound 

absorber 22 for one reason or another, the pressure in the 
cylindrical member 20 and body 16 on the upstream side of 
the sound absorber 22 increases. In this case, as a result of the 
rise in pressure in the body 16, a pressing force is imposed in 
a radially outward direction (the direction of the arrow D) 
with respect to the ball 40 of the detector 34, wherein the ball 
40 is displaced so as to separate away from the inclined 
surface 56 in opposition to the elastic force of the spring 44. 

As a result, the communication interrupted state between 
the second hole 48 and the third hole 50, which is interrupted 
by the ball 40, is cancelled, whereupon the pressure ?uid 
?ows toward the second hole 48 owing to a small gap formed 
between the ball 40 and the inclined surface 56, and is 
directed outwardly through the ?rst hole 46 and the detection 
hole 54 (see FIG. 3). Further, in this case, because of the small 
gap formed between the outer circumferential surface of the 
ball 40 and the inclined surface 56, and since the third hole 50 
is formed with a smaller diameter than the second hole 48 and 
functions to restrict ?ow, a high-pitched passing noise is 
generated when the pressure ?uid, at a high pressure, ?ows 
through the gap. 
As a result, when the pressure inside the silencer 10 rises to 

a predetermined value or above, because a high-pitched pass 
ing noise is generated in the detector 34, for example, an 
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8 
operator, by con?rmation of such a passing noise, can easily 
con?rm an improper operation or malfunctioning of the 
silencer 10. 

Further, since the pressure ?uid passes through the detector 
34 and can be discharged to the outside, further rising of 
pressure inside the silencer 10 can be prevented. In other 
words, the detector 34 functions as a relief valve, which is 
capable of discharging the pressure ?uid inside the silencer. 
More speci?cally, because the pressure value resulting 

when malfunctioning of the silencer 10 is detected is set by 
the elastic force of the spring 44, in the case that the detected 
pressure value is to be set higher, a spring 44 having a larger 
elastic force may be employed. Conversely, in the case that 
the detected pressure value is to be set lower, a spring 44 
having a smaller elastic force may be employed. In this man 
ner, by suitably employing a spring 44 possessing an elastic 
force that acts to resist the pressure (pressing force) of the 
pressure ?uid, the value at which pressure inside the silencer 
10 is detected can freely be set. 

Moreover, the detector 34 should be disposed at a position 
(for example, in the diametrically expanded portion 30 of the 
body 16) at which the generation of condensation by adia 
batic expansion when the pressure ?uid is discharged to the 
outside is di?icult. 

Further, in the case that clogging in the sound absorber 22 
is con?rmed, dust and the like may be removed either by 
replacing the sound absorber 22 or by cleaning the sound 
absorber 22. 

As described above, according to the ?rst embodiment, in 
the cylindrical member 20 to which the pressure ?uid is 
introduced, ?rst through ?fth exhaust holes 7011 to 70e are 
formed for the purpose of discharging the pressure ?uid to the 
outside, wherein the ?rst exhaust holes 7011 are separated a 
predetermined distance away from the body 16, and the sec 
ond through ?fth exhaust holes 70b to 70e are formed so as to 
be separated by predetermined distances from the ?rst 
exhaust hole 70a toward the side of the retaining member 18 
(in the direction of the arrow B). Further, the quantity of the 
holes increases, in a staged manner, from the ?rst exhaust 
holes 70a formed on the side of the body 16 toward the ?fth 
exhaust holes 70e formed on the side of the retaining member 
18. 

Accordingly, the pressure ?uid that is introduced into the 
cylindrical member 20 from the body 16 is exhausted gradu 
ally to the outside through the ?rst to ?fth exhaust holes 7011 
to 70e, and therefore, a precipitous lowering in pressure of the 
pressure ?uid can be prevented. As a result, lowering in tem 
perature of the pressure ?uid inside the silencer 10 by adia 
batic expansion can be controlled, and hence condensation 
within the body 16 and the interior of the cylindrical member 
20 can be prevented, along with preventing freezing of gen 
erated condensation at low temperatures. 

Further, the sound absorber 22 is disposed on and outer 
circumferential side thereof surrounding the cylindrical 
member 20, with the sound absorber 22 being constructed 
from stacked mesh-shaped ?rst through third ?lters 80, 82, 
84, and wherein the mesh opening diameters thereof are set so 
as to become gradually smaller in order from the ?rst to the 
third ?lters 80, 82 and 84. As a result, when the pressure ?uid 
is discharged from the cylindrical member 20 to the outside 
through the sound absorber 22, corresponding to the sizes of 
the dust contained within the pressure ?uid, since the dust can 
be removed by one of the ?lters 80, 82 or 84, compared with 
a sound absorber formed from only one mesh opening diam 
eter, the occurrence of clogging in the sound absorber 22 can 
be suppressed. 
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Moreover, by disposing the detector 34 in the diametrically 
expanded portion 30 of the body 16, when a pressure mal 
function arises in the silencer 10 due to one reason or another, 
the ball 40 separates away from the inclined surface 56 of the 
second hole 48 by the pressure (pressing force) of the pressure 
?uid, and when the pressure ?uid ?ows between the ball 40 
and the inclined surface 56, a high-pitched passing noise can 
be generated. Owing thereto, for example, an operator can 
easily con?rm an improper operation or malfunctioning of 
the silencer 10 by con?rmation of such a passing noise. 

Next, a silencer 100 according to a second embodiment is 
shown in FIG. 4. Structural elements, which are the same as 
those of the above-described silencer 10 in accordance with 
the ?rst embodiment of the present invention, are designated 
using the same reference numerals, and detailed explanations 
thereof shall be omitted. 

The silencer 100 according to the second embodiment 
differs from the silencer 10 of the ?rst embodiment in that the 
inner circumferential surface of the sound absorber 102, 
arranged between the body 16 and the retaining member 18, 
is formed so as to expand gradually in diameter from the body 
16 toward the retaining member 18. 
The sound absorber 102, as shown in FIG. 4, includes a 

radially inwardly disposed ?rst ?lter 104, a second ?lter 106 
arranged over the outer circumference of the ?rst ?lter 104 
and formed with an opening diameter mesh size smaller than 
that of the ?rst ?lter 104, and a third ?lter 108 arranged over 
the outer circumference of the second ?lter 106 and formed 
with an opening diameter mesh size smaller than that of the 
second ?lter 106. 
The ?rst ?lter 104 is formed such that the inner circumfer 

ential diameter and outer circumferential diameter thereof 
gradually are expanded in diameter from the body 16 toward 
the retaining member 18 (in the direction of the arrow B), and 
further, such that the thickness of the ?rst ?lter 104 in the 
radial direction is formed so as to become gradually thinner 
toward the retaining member 18 (in the direction of the arrow 
B). 

The second ?lter 106, similarly, is formed such that the 
inner circumferential diameter and outer circumferential 
diameter thereof gradually are expanded in diameter from the 
body 16 toward the retaining member 18 (in the direction of 
the arrow B), and further, such that the thickness of the second 
?lter 106 in the radial direction is formed so as to become 
gradually thinner toward the retaining member 18 (in the 
direction of the arrow B). In addition, the inner circumferen 
tial surface of the second ?lter 106 abuts against the outer 
circumferential surface of the ?rst ?lter 104. 

The third ?lter 108 is formed with a substantially constant 
outer circumferential diameter, wherein the inner circumfer 
ential diameter thereof gradually expands in diameter from 
the body 16 toward the retaining member 18 (in the direction 
of the arrow B). In addition, the inner circumferential surface 
of the third ?lter 108 abuts against the outer circumferential 
surface of the second ?lter 106. 

In this manner, the sound absorber 102 is formed in three 
layers, from ?rst to third ?lters 104, 106 and 108, having 
different mesh opening diameters, and in addition, the ?lters 
are formed so as to become gradually expanded in diameter 
and thinner, from the body 1 6 toward the retaining member 18 
(in the direction of the arrow B). 

In this manner, in the silencer 100 according to the second 
embodiment, the ?rst to third ?lters 104, 106 and 108 pro 
vided in the sound absorber 102 are formed so as to become 
gradually increased in diameter and thinner from the body 16 
toward the retaining member 18 (in the direction of the arrow 
B). As a result, when the pressure ?uid that is introduced from 
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1 0 
the body 16 passes through the sound absorber 102 and is 
discharged to the outside, because the pressure ?uid is more 
easily discharged at the side of the retaining member 18 as 
opposed to the side of the body 16, the discharged amount 
(?ow amount) of the pressure ?uid that is discharged exter 
nally through the sound absorber 102 can be made to increase 
gradually from the side of the body 16 (in the direction of the 
arrow A) toward the side of the retaining member 18 (in the 
direction of the arrow B). 

In other words, as a result of forming the ?rst through third 
?lters 104, 106 and 108 such that they become gradually 
increased in diameter and thinner from the body 1 6 toward the 
retaining member 18, when the pres sure ?uid is discharged to 
the outside, the passage area through which the pressure ?uid 
?ows can be made to gradually increase. 
As a result thereof, a sudden and rapid decrease in pressure 

when the pressure ?uid is discharged can be prevented, and 
since the temperature decrease caused by adiabatic expansion 
of the pressure ?uid in the silencer 100 can be controlled, it 
becomes possible to prevent generation of condensation in 
the interior of the silencer 100. 
As a result, in the silencer 100 according to the second 

embodiment, the cylindrical member 20 disposed in the 
silencer 10 in accordance with the ?rst embodiment becomes 
unnecessary. Therefore, the number of parts making up the 
silencer 100 can be reduced, together with enabling a reduc 
tion in the number of construction processes when the 
silencer 100 is assembled. 

Further, since it is unnecessary to provide the cylindrical 
member 20 (see FIG. 1) inside the sound absorber 102, the 
silencer 100 can be made lighter in weight overall. 

INDUSTRIAL APPLICABILITY 

As described above, according to the present invention, in 
the pressure ?uid introduced into the main body portion from 
the ?uid pressure device, the ?ow rate at which the pressure 
?uid is exhausted to the outside can gradually be increased by 
the ?ow adjustment mechanism. As a result, when the pres 
sure ?uid is exhausted to the outside from the ?uid pressure 
device, temperature reduction due to adiabatic expansion can 
be suppressed, and it is possible to prevent condensation from 
occurring in the interior of the silencer, and in addition, freez 
ing of the generated condensation at low temperatures can be 
prevented. 

Further, since the sound absorber is constructed by stack 
ing a plurality of ?lters having different opening areas, cor 
responding to the sizes of dust contained within the pressure 
?uid, the dust can be removed by one of the plural ?lters when 
the pressure ?uid is exhausted to the outside through the 
sound absorber. As a result, compared with a sound absorber 
formed with only one opening area, the occurrence of clog 
ging in the sound absorber can suppressed. 
The invention claimed is: 
1. A silencer for causing a reduction in exhaust noises of a 

pressure ?uid exhausted from a ?uid pressure device, com 
prising: 

a main body portion to which said ?uid pressure device is 
connected and to which a pressure ?uid from said ?uid 
pressure device is introduced; 

a sound absorber retained within said main body portion 
and formed from ?lters made up of plural stacked layers 
having different opening areas; 

a disk shaped retaining member disposed coaxially with 
and separated a predetermined interval away from said 
main body portion, said sound absorber being sand 
wiched between said main body portion and said retain 
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ing member, said retaining member preventing said 
pressure ?uid from ?owing in an axial direction outside 
of said silencer, and forcing said pressure ?uid to ?ow in 
a radial direction through said ?lters of said sound 
absorber and outside of said silencer; and 

a ?ow adjustment mechanism for gradually increasing a 
?ow amount of the pressure ?uid that ?ows in said radial 
direction and is exhausted to the outside from said main 
body portion through said sound absorber in a direction 
separating away from said ?uid pressure device, said 
?ow adjustment mechanism comprising a central core 
through which said pressure ?uid ?ows in said axial 
direction, said central core extending in said axial direc 
tion and being disposed radially inward of all of said 
plural stacked layers that make up said ?lters, said 
retaining member sealing an end of said central core; 

wherein the opening areas of said ?lters are set so as to 
become gradually smaller directed from an upstream 
side formed at a side of said main body portion toward a 
downstream side formed at an exterior side of said sound 
absorber. 

2. The silencer according to claim 1, wherein said ?ow 
adjustment mechanism preferably includes a ?uid passage for 
enabling a pressure ?uid to ?ow from said main body portion 
to the exterior of said sound absorber, and wherein a passage 
area of said ?uid passage is formed so as to become gradually 
larger in a direction separating away from said ?uid pressure 
device. 

3. The silencer according to claim 2, wherein said ?uid 
passage is formed from a cylindrical body disposed inside 
said sound absorber and communicating with said main body 
portion, having a plurality of exhaust holes that become 
gradually greater in quantity in a direction separating away 
from the ?uid pressure device. 
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4. The silencer according to claim 3, wherein a clearance is 

disposed between said cylindrical body and said sound 
absorber. 

5. The silencer according to claim 4, wherein said ?lters are 
constructed from three layers, which are stacked radially. 

6. The silencer according to claim 5, wherein said ?lters 
have respective thickness dimensions in the radial direction 
that are substantially uniform. 

7. The silencer according to claim 6, wherein a cylindrical 
cover member surrounding said sound absorber is connected 
to said main body portion, 

wherein said cover member has holes therein through 
which said pressure ?uid that ?ows through the sound 
absorber also ?ows. 

8. The silencer according to claim 2, wherein said ?ow 
adjustment mechanism comprises ?lters disposed radially 
outside of said central core and having thickness dimensions 
becoming gradually smaller in a direction separating away 
from said ?uid pressure device. 

9. The silencer according to claim 1, wherein a detection 
mechanism is disposed in said main body portion for detect 
ing a case in which the pressure of said pressure ?uid inside 
said main body portion rises to a predetermined value or 
above. 

10. The silencer according to claim 9, wherein said detec 
tion mechanism comprises: 

a communication passage disposed in said main body por 
tion communicating the interior of the main body por 
tion with the outside; 

a valve seated on a valve seat formed in said communica 
tion passage; and 

a spring for pressing said valve toward said valve seat. 

* * * * * 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT No. : 7,753,167 B2 Page 1 of 1 
APPLICATION NO. : 11/813277 

DATED : July 13, 2010 
INVENTOR(S) : Yoshihiro Fukano et a1. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is hereby corrected as shown below: 

On the Title Page, Item (86) The PCT No., “PCT/IP2006/000310”, should be changed to 
--PCT/JP2006/300310--. 

Signed and Sealed this 

David J. Kappos 
Director 0fthe United States Patent and Trademark O?ice 


